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It is not found a suitable evaluation method of soundness for damaged stone bridge with cracks, bridge gaps and falling 
stones though there are a lot of stone bridges in Kyushu㸬In order to propose the soundness evaluation method and the 
simply inspection method for these damaged stone bridges, it is necessary not only to develop the static and dynamic 
analytical method but also to become clear the mechanical behavior of the stone bridges theoretically and 
experimentally. The resonant vibration and the 3D dynamic response behavior of stone arch test models were 
investigated experimentally. From the experimental results, it was recognized the the seismic characteristic of the stone 
arch bridget was shown. 
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ࢆホ౯ࡍࡿᣦᶆࡀᏑᅾࡋ࡞࠸ࡓࡵ㸪㗰ᶫ࣭ࢥࣥࢡ࣮ࣜࢺᶫ࡞࡝᪤Ꮡࡢ೺඲ᗘᣦᶆࢆཧ⪃࡟ࡋࡓ᭷㆑⪅⊂⮬ࡢ
ุ᩿࡟㢗ࡽࡊࡿࢆᚓ࡞࠸ࡢࡀ⌧≧࡛࠶ࡿ㸬▼ᶫࡢ೺඲ᗘホ౯సᡂࡢࡓࡵ࡟ࡶ㸪ᶍᆺᐇ㦂࡟ࡼࡿᙉᗘ≉ᛶࡢゎ
᫂㸪ࡑࡋ࡚㟼ⓗ࣭ືⓗᣲືࡀྍ⬟࡞ᩘ್ゎᯒᡭἲࡢ㛤Ⓨࡀᚲせ࡜࡞ࡿ㸬᪤ ࡢ◊✲࡟ࡼࡾ㸪ᦆയࡢ᭷↓࡟ࡼ
ࡿ▼࢔࣮ࢳࡢᙉᗘ࡬ࡢᙳ㡪ࡀᑡ࡞࠸ࡇ࡜㸪ࡲࡓ㸪⮬㔜࠾ࡼࡧάⲴ㔜࡟ࡼࡿ▼ᮦࡢᅽቯࡢྍ⬟ᛶࡣప࠸࡜ሗ࿌
ࡉࢀ࡚࠸ࡿ 1)㸪,2㸧㸬▼ᶫࡢຊᏛⓗᣲືࡢゎᯒᡭἲ࡜ࡋ࡚᭷㝈せ⣲ἲ࡜᥋ゐ࣭ᦶ᧿ࣔࢹࣝࢆ⤌ࡳྜࢃࡏࡓ㞳ᩓ
ᆺ᭷㝈せ⣲ゎᯒᡭἲࡀᥦ᱌ࡉࢀ㸱㸧㸪㟼ⓗゎᯒࡢጇᙜᛶ࡟ࡘ࠸࡚ࡣᐇ㦂࡜ࡢẚ㍑᳨࣭ウ࡟ࡼࡾゎ᫂ࡉࢀ࡚ࡁ
ࡓ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪㞳ᩓᆺ᭷㝈せ⣲ࢆ⏝࠸ࡓ▼ᶫࡢ 3ḟඖືⓗゎᯒᡭἲࡢጇᙜᛶ࡟ࡘ࠸࡚ࡢ᳨ウࡀ୙༑ศ࡛
࠶ࡾ㸪▼ᶫࡢᆅ㟈᫬ᣲືࡢᐇ㦂ⓗ◊✲ࡶᑡ࡞࠸ࡼ࠺࡛࠶ࡿ㸬▼ᶫ࡜ࡣ▼࢔࣮ࢳࡢ㍈ຊࡢఏ㐩࡟ࡼࡾᙉᗘࡀⓎ
᥹ࡉࢀࡿᵓ㐀≀࡛࠶ࡾ㸪≉࡟ᆅ㟈ࢆཷࡅࡓ࡜ࡁࡢ㍈ຊࡢኚື࡟ࡼࡿᣲື≉ᛶࢆゎ᫂ࡍࡿࡇ࡜ࡀ㸪೺඲ᛶホ౯
ࡢᣦᶆసᡂࡢࡓࡵ࡟ࡶᚲせ࡛࠶ࡾ㸪ࡑࢀ࡟క࠸ 3ḟඖືⓗゎᯒᡭἲࡢ☜❧ࡀᚲ㡲࡜࡞ࡗ࡚ࡃࡿ㸬
 ᮏ◊✲࡛ࡣ㸪▼ᶫࡢ 3ḟඖືⓗᣲືࡢゎ᫂ࢆ┠ⓗ࡜ࡋࠊࡲࡎ▼࢔࣮ࢳᶍᆺࡢືⓗ㍕Ⲵヨ㦂ࢆ⾜࠸㸪ຊᏛⓗ
ᣲືࡢᐇ㦂ⓗホ౯ࢆ⾜ࡗࡓ㸬౑⏝ࡋࡓ▼࢔࣮ࢳᶍᆺࡣᐇ▼ᶫᣲືࡀ෌⌧ྍ⬟࡞ᖜ᪉ྥ࡟ 3 ิࡢ▼ᮦࢆ᭷ࡋ㸪
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3L/4Ⅼ ᛂ⟅ຍ㏿ᗘ
ṇᘻἼຍ᣺࡟ࡼࡾᶍᆺ࡟ධຊࡍࡿࡇ࡜࡛ඹ᣺⌧㇟ࡢ᭷↓ࢆ☜ㄆ㸪ᅛ᭷᣺ືᩘࡢ⟬ฟࢆヨࡳࡓ㸬ࡑࡋ࡚▼࢔࣮
ࢳᶍᆺ࡟」ᩘࡢᆅ㟈Ἴࢆධຊࡋ㸪ᛂ⟅ຍ㏿ᗘࡢ㐪࠸࡟ࡘ࠸࡚☜ㄆࢆ⾜ࡗࡓ㸬ゎᯒ࡛ࡣ㸪ᐇ㦂ྠᵝࡢ᮲௳㸪᪉
ἲ࡛ゎᯒࣔࢹࣝࡢᅛ᭷᣺ືᩘࡢ⟬ฟࢆヨࡳࡓࠋ

㸰▼࢔࣮ࢳᶍᆺࡢືⓗᐇ㦂
 ▼࢔࣮ࢳᶍᆺ
 ▼࢔࣮ࢳᵓ㐀ࡢືⓗᣲື≉ᛶࢆㄪ࡭ࡿࡓࡵ࡟㸪ᮏᐇ㦂࡛ࡣ᪤ ࡢ㟼ⓗ㍕Ⲵヨ㦂࡛⏝࠸ࡽࢀ࡚ࡁࡓ▼࢔࣮ࢳ
ᶍᆺࢆ౑⏝ࡋࡓ㸬ࡇࡢᶍᆺࡣ㜿⸽⁐⤖จ⅊ᒾࢆྎᙧ࡟ᡂᙧࡋࡓ㒊ᮦࢆ✚ࡳ㔜ࡡࡓࡶࡢ࡛ࠊ▼ᮦ㛫࡟᥋╔ᮦ➼
ࡣ౑⏝ࡋ࡚࠸࡞࠸ࠋ▼ᮦ⾲㠃࡟ࡘ࠸࡚ࡣษ᩿ᶵ࡛ษࡾฟࡋࡓ≧ែࡢࡲࡲ࡛࠶ࡾࠊẚ㍑ⓗᖹ⁥࡛࠶ࡿࠋᐇ㦂࡟
ࡼࡾ▼࢔࣮ࢳࡢῶ⾶ᐃᩘ࠾ࡼࡧ㸪ᅛ᭷᣺ືᩘࡢ⟬ฟࡢࡓࡵࡢṇᘻἼຍ᣺ᐇ㦂࡜ᆅ㟈Ἴධຊ࡟ࡼࡿᛂ⟅ຍ㏿ᗘ
ࡢ ᐃࢆᐇ᪋ࡋࡓ㸬ᶍᆺࡣ㸪ᅗ 1 ࡟♧ࡍࡼ࠺࡞෬ල࠾ࡼࡧᅵྎ▼࡛ᇶ㒊ࢆᅛᐃࡋࡓ㸱ิ×17 ࡢ▼࡟ࡼࡾ⤌ࡲ
ࢀࡓ࢔࣮ࢳᵓ㐀࡛࠶ࡿ㸬ࢫࣃࣥࣛ࢖ࢬẚࡣ୍⯡ⓗ࡞▼ᶫ࡟᭱ࡶከࡃᏑᅾࡍࡿ 0.4㹼0.5 ࢆཧ⪃࡟ࡋ㸪f/L=0.45
࡜ࡋࡓ 2)㸬▼ᮦࡣ㸪⇃ᮏ┴ୗ࡟ᗈࡃศᕸࡋ࡚࠾ࡾᐇ㝿ࡢ▼ᶫ࡟ࡶά⏝ࡉࢀ࡚࠸ࡿ㜿⸽⁐⤖จ⅊ᒾ࡛࠶ࡿ㸬ࡑ
ࡢ᩿㠃ᙧ≧ࡣୖ㎶ᖜ 60mm㸪ୗ㎶ᖜ 50mm㸪㧗ࡉ 60mm ࡛࠶ࡾ㸪ዟ⾜ࡁ࡟ࡘ࠸࡚ࡣ 60mm㸪90mm ࠾ࡼࡧ
120mm ࡢ㸱✀㢮࡛㸪ࡇࢀࡽࡢ▼ᮦࢆ⤌ࡳྜࢃࡏ࡚࢔࣮ࢳࢆᙧᡂࡋ࡚࠸ࡿ㸬ᛂ⟅ຍ㏿ᗘィࡢ ᐃ఩⨨ࡣᅗ 1
࡟♧ࡍࡀ㸪ࢫࣃࣥ Lࡢ L/4Ⅼ㸪L/2Ⅼ㸪3L/4Ⅼࡢᶫᖜ୰ኸࡢ 3⟠ᡤ࡜᣺ືྎୖࡢྜィ 4⟠ᡤ࡟㸪㖄┤᪉ྥ࠾
ࡼࡧᶫ㍈┤ゅ᪉ྥࡢᛂ⟅್ࡀ ᐃ࡛ࡁࡿࡼ࠺࡟ࡋࡓ㸬




 ṇᘻἼຍ᣺ᐇ㦂
 ᑐ㇟࡜࡞ࡿᶍᆺࡢᅛ᭷᣺ືᩘࢆ⟬ฟࡍࡿᡭẁ࡜ࡋ࡚㸪ṇᘻἼຍ᣺ᐇ
㦂ࢆ⾜ࡗࡓ㸬ࡇࢀࡣ࠶ࡿ୍ᐃࡢ᣺ືᩘࢆྵࡴṇᘻἼࡢ᣺ືᩘࢆ㸪ᑡࡋ
ࡎࡘኚ࠼࡞ࡀࡽᶍᆺ࡟୍ᐃࡢ᫬㛫㛫㝸࡛㐃⥆ⓗ࡟ຍ᣺ࡍࡿࡇ࡜࡛ඹ᣺
⌧㇟ࢆ㉳ࡇࡋ㸪᭱ࡶᦂࢀࡀ⃭ࡋࡃ࡞ࡗࡓ᣺ືᩘࢆᅛ᭷᣺ືᩘ࡜Ỵᐃࡍ
ࡿ᪉ἲ࡛࠶ࡿ㸬ຍ㏿ᗘ 20gal ࡢṇᘻἼࢆ᣺ືᩘ 5㹼50Hz ࡢ⠊ᅖ㸪20sec
㛫㝸࡛ 0.2Hz ࡎࡘቑຍࡋ࡞ࡀࡽᶍᆺ࡟㐃⥆ⓗ࡟୚࠼㸪ྛ᣺ືᩘ࡛ࡢ᭱
኱࠾ࡼࡧ᭱ᑠࡢᛂ⟅ຍ㏿ᗘࢆ ᐃࡋࡓ㸬ࡉࡽ࡟᣺ືᩘࢆᶓ㍈㸪᭱኱࠾
ࡼࡧ᭱ᑠࡢᛂ⟅ຍ㏿ᗘࢆ⦪㍈࡟࡜ࡾ ᐃ್ࢆࣉࣟࢵࢺࡍࡿࡇ࡜࡛㸪᣺
ືᩘ࡜ᛂ⟅ຍ㏿ᗘࡢ㛵ಀᛶࢆ᫂ࡽ࠿࡟࡛ࡁࡿඹ᣺᭤⥺ࢆᥥ࠸ࡓ㸬ඹ᣺
ᅗ 1 ▼࢔࣮ࢳᶍᆺ࠾ࡼࡧຍ㏿ᗘィࡢタ⨨఩⨨㸦༢఩㸸mm㸧
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Ϲ⥅⥆᫬㛫 30sec 㸦Ϻ㸧⥅⥆᫬㛫 60sec
ᅗ 3 ᆅ㟈Ἴᙧࡢࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ㸦ୖẁ㸸㔲㊰ᆅ㟈Ἴ㸪ୗẁ㸸⚄ᡞᆅ㟈Ἴ㸧
᭤⥺࠿ࡽᛂ⟅ຍ㏿ᗘࡀᛴ⃭࡟ቑຍࡋࣆ࣮ࢡࢆ㏄࠼ࡓ࡜ࡁࡢ᣺ືᩘࡀᅛ᭷᣺ືᩘ࡜࡞ࡿ㸬࡞࠾㸪᣺ືᩘࡢ⠊ᅖ
࡟ࡘ࠸࡚ࡣ㸪ῶ⾶Ἴᙧ࠿ࡽࣇ࣮࢚ࣜゎᯒࢆ⾜࠸༟㉺᣺ືᩘࢆ⟬ฟࡋࡓ⤖ᯝ㸪⣙ 8Hz㸪⣙ 17Hz㸪⣙ 23Hzࢆ♧
ࡋࡓࡓࡵࡑࡢ್ࢆྵࡴ⠊ᅖ࡛Ỵᐃࡋࡓ㸬
 ᆅ㟈Ἴධຊᐇ㦂
ධຊᆅ㟈Ἴࡣ㸪Ἴᙧࡢ㐪࠸࡟ࡼࡿඹ᣺⌧㇟ࡢⓎ⏕ࡢࡋࡸࡍࡉࢆ⪃៖ࡋ㸪ࣉ࣮ࣞࢺቃ⏺ᆺ࡜ෆ㝣┤ୗᆺࡢ 2
✀㢮᳨࡛ウࡋࡓ㸬ᅗ 2 ࡟♧ࡍࡼ࠺࡟㸪໭ᾏ㐨ᮾ᪉Ἀᆅ㟈ࡢ㔲㊰ᕝሐ㜵࿘㎶ᆅ┙ୖ࡛ほ ࡉࢀࡓ TypeϨ-Ϫ-
3(௨ୗ㔲㊰࡜♧ࡍ㸧࡜㸪රᗜ┴༡㒊ᆅ㟈ࡢ࣏࣮ࢺ࢔࢖ࣛࣥࢻෆᆅ┙ୖ࡛ほ ࡉࢀࡓ Typeϩ-Ϫ-3㸦௨ୗ⚄ᡞ
࡜♧ࡍ㸧࡛࠶ࡿ㸬ࡇࡢἼᙧࡢ᭱኱ᛂ⟅ຍ㏿ᗘࢆ 50gal ࡟᥮⟬ࡋ┤ࡋ㸪ࡉࡽ࡟ࡑࢀࡒࢀࢆ 10sec㸪30sec ࡟⥅⥆
᫬㛫ࢆ▷⦰ࡋࡓྜィ 6 ࡘࡢᆅ㟈Ἴࢆ㸪㖄┤᪉ྥ࠾ࡼࡧᶫ㍈┤ゅ᪉ྥ࡟ධຊࡋᛂ⟅ຍ㏿ᗘࢆ ᐃࡋࡓ㸬⥅⥆᫬
㛫ࢆ▷⦰ࡍࡿࡇ࡜࡛㸪༟㉺᣺ືᩘࢆᑠࡉࡃࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡾ㸪▼࢔࣮ࢳ࡟✀ࠎࡢ༟㉺᣺ືᩘࢆࡶࡘᆅ㟈
Ἴධຊ࡛ࡁࡿ࡜⪃࠼ࡓ㸬ᅗ 3 ࡟ධຊᆅ㟈Ἴᙧࡢ⥅⥆᫬㛫ࢆ▷⦰ࡋࡓሙྜࡢ༟㉺᣺ືᩘࡢ㐪࠸࡟ࡘ࠸࡚♧ࡋࡓ㸬
 ṇᘻἼຍ᣺ゎᯒ
 ṇᘻἼຍ᣺ᐇ㦂ࡢ⤖ᯝࡢጇᙜᛶࢆ㸪ὸ஭ࡽ 3)ࡀ᪤࡟㛤Ⓨࡋ࡚࠸ࡿᕷ㈍ࡢỗ⏝ゎᯒࢯࣇࢺ 06&0DUF4)ࢆ᥼⏝
ࡋࡓ㞳ᩓᆺ᭷㝈せ⣲ゎᯒἲ࡟ࡼࡾඹ᣺Ⅼࡢ᥎ᐃࢆヨࡳࡓ㸬ᐇ㦂ᶍᆺࡢゎᯒࣔࢹࣝ࡟ṇᘻἼࢆධຊࡋ㸪ࡑࡢ᭱
኱࠾ࡼࡧ᭱ᑠᛂ⟅ຍ㏿ᗘࢆฟຊࡋ࡚ඹ᣺᭤⥺ࢆồࡵ㸪ᅛ᭷᣺ືᩘࡢ⟬ฟࢆ⾜ࡗࡓ㸬ᅗ 4 ࡣṇᘻἼຍ᣺ࡢ࢖࣓
࣮ࢪ࡛㸪⾲ 1 ࡣ▼ᮦࡢ≀ᛶ್࡛࠶ࡿ㸬ࡲࡎ㸪⮬㔜ࢆධຊࡋ࢔࣮ࢳࣔࢹࣝࡀᏳᐃࡉࡏ㸪ᐇ㦂್⤖ᯝࢆཧ⪃࡟ࡋ
࡚Ỵᐃࡋࡓ᣺ືᩘࢆ᭷ࡍࡿṇᘻἼࢆධຊࡋᛂ⟅್ࢆฟຊࡍࡿ㸬ࡇࢀࢆྛ᣺ືᩘ࡛⧞㏉ࡋ㸪㖄┤᪉ྥ࠾ࡼࡧᶫ
㍈┤ゅ᪉ྥࡑࢀࡒࢀࡢඹ᣺᭤⥺ࢆᥥࡃࡓࡵࡢࣉࣟࢵࢺⅬࢆసᡂࡋࡓ㸬᣺ືᩘࡀ㧗ࡃ࡞ࡿ࡯࡝ධຊࡍࡿࢹ࣮ࢱ
ࡀከࡃ࡞ࡿࡓࡵ㸪ゎᯒ᫬㛫ࡢ▷⦰ࡢࡓࡵ࡟⥅⥆᫬㛫ࡣ㸪ᐇ㦂᫬ࡢ 20sec࡛ࡣ࡞ࡃ 4sec࡛⾜ࡗࡓ㸬࡞࠾㸪⥅⥆
᫬㛫ࡢ▷⦰࡟ࡼࡿゎᯒ⤖ᯝ࡬ࡢᙳ㡪ࡀ࡯ࡰ↓࠸ࡇ࡜ࡣ㸪⥅⥆᫬㛫 20sec ࡛ࡶᩘ್ゎᯒࢆ⾜࠸஦๓࡟᳨ウࡋࡓ㸬
ࡲࡓ཰᮰ィ⟬ἲ࡜ࡋ࡚ࡣ Newton-Raphson ἲࢆ౑⏝ࡋࡓ㸬
⾲ 1 ▼ᮦࡢ≀ᛶ್
ࣖࣥࢢ⋡ E㸦N/mm2㸧 17,140
࣏࢔ࢯࣥẚ Ȟ 0.16
ᅽ⦰ᙉᗘ㸦N/mm2㸧 62.6
ᐦᗘ ȡ㸦ton/m3㸧 2.03
ືᦶ᧿ಀᩘ ȝ’ 0.65
ࡍ࡭ࡾⓎ⏕ኚ఩Us㸦mm) 0.3
0 1 2 3 4 5 6
0
᫬㛫㸦sec㸧
ຍ
㏿
ᗘ
㸦
ga
l㸧
㔜ຊຍ㏿ᗘ
ṇᘻἼ㸦5Hz㸧
ᅗ 4 ṇᘻἼධຊࡢ࢖࣓࣮ࢪ
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4 
ᛂ⟅ຍ㏿ᗘ
ᅗ ῶ⾶Ἴᙧ
᫬㛫t
㸦msec㸧
Y䠍
Y2
Y4Y3
0
䈈Y䡊
㸱 ᐇ㦂⤖ᯝ࡜⪃ᐹ

 ῶ⾶ᐃᩘ
 ᐇ㦂ࡣࡲࡎ㸪ῶ⾶ᐃᩘࡢ⟬ฟ࡟ᚲせ࡞ῶ⾶Ἴᙧࢆ ᐃࡋࡓ㸬 ᐃ᪉
ἲࡣ㸪࠶ࡿ ᐃⅬ㏆ࡃࢆᣦඛ࡛⾪ᧁࢆ୚࠼㸪ࡑࡢ࡜ࡁࡢྛⅬࡢᛂ⟅࡛
࠶ࡿ㸪ᅗ 4 ࡟♧ࡍࡼ࠺࡞ῶ⾶Ἴᙧࢆ ᐃࡍࡿ㸬ࡇࢀࢆྛⅬ࡛⧞ࡾ㏉ࡋ
⾜࠸㸪ῶ⾶ᐃᩘࡢ⟬ฟ࡟ᚲせ࡞Ἴᙧࢆ」ᩘᚓࡓ㸬ࡇࡢἼᙧࢆ⟬ᐃᘧ
㸦1㸧㸪㸦2㸧࡟㐺ᛂࡍࡿࡇ࡜࡛ῶ⾶ᐃᩘࢆ⟬ฟࡍࡿࡇ࡜ࡀ࡛ࡁࡿ 5)㸬
 ᐃࡋࡓἼᙧࡼࡾῶ⾶ᐃᩘ h ࢆ⟬ฟࡋ㸪ࡑࡢᖹᆒ್ࢆ
♧ࡋࡓࡢࡀ⾲ 2 ࡛࠶ࡿ㸬▼࢔࣮ࢳࡢࡳࡢᖹᆒῶ⾶ᐃᩘ h
ࡣ 0.055๓ᚋ࡛࠶ࡾ㸪ࡇࢀࡣ⾲ 2࡟♧ࡍ㐨㊰ᶫ♧᪉᭩ 5㸧
ࡢྛᵓ㐀せ⣲ࡢ➼౯ῶ⾶ᐃᩘ࡜ẚ㍑ࡋ࡚ࡶ኱ࡁ࡞್ࢆ♧
ࡋࡓ㸬ቨ▼ࢆ᭷ࡍࡿሙྜࡢᖹᆒῶ⾶ᐃᩘ h ࡣ▼࢔࣮ࢳࡢ
ࡳࡢሙྜ࡜ẚ㍑ࡋ㸪⣙ 0.02㹼0.03 ኱ࡁࡃ࡞ࡾ㸪ࢥࣥࢡࣜ
࣮ࢺୗ㒊ᵓ㐀≀࡟༉ᩛࡍࡿῶ⾶ຊ࡛࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ㸬

 ṇᘻἼຍ᣺ᐇ㦂
 ᅗ 6 ࡣᐇ㦂࡜ᩘ್ゎᯒ࡛ᚓࡽࢀࡓ㖄┤
᪉ྥຍ᣺᫬ࡢᛂ⟅ຍ㏿ᗘࡢẚ㍑ࢆ♧ࡋࡓ
ࡶࡢ࡛࠶ࡿ㸬ᐇ⥺ࡀᐇ㦂್㸪ࣉࣟࢵࢺⅬ
ࡣゎᯒ್࡛࠶ࡿ㸬ゎᯒ್ࡣ L/2 Ⅼ࡟࠾࠸
࡚ࡢࡳࡣࡗࡁࡾ࡜ࡋࡓࣆ࣮ࢡ್ࡀ⟬ฟࡉ
ࢀࡓࡀ㸪L/4Ⅼ㸪3L/4Ⅼ࡛ࡣࣆ࣮ࢡ್ࡢฟ
᪉ࡀ㢧ⴭ࡛ࡣ࡞࠿ࡗࡓ㸬ᐇ㦂್࡜ẚ㍑ࡋ
࡚ࡳࡿ࡜㸪23Hz ࡢ➨୍ࡢࣆ࣮ࢡ್ࡀᴫࡡ
ᑐᛂࡋࡓ㸬ࡋ࠿ࡋ➨஧ࡢࣆ࣮ࢡ࡛࠶ࡿ
39Hz ࠶ࡓࡾ࡛ࡣࣆ࣮ࢡ್ࡀฟࡿࡇ࡜ࡣ࡞
ࡃ㸪௨㝆ᛂ⟅ຍ㏿ᗘࡀ཰᮰ࡍࡿ⤖ᯝ࡜࡞
ࡗࡓ㸬➨஧ࡢࣆ࣮ࢡࡀฟ࡞࠿ࡗࡓ⌮⏤࡜ࡋ࡚ࡣ㸪ゎᯒ࡛ࡣࣔࢹࣝ࡬ࡢṇᘻἼࡢධຊࡀ㐃⥆ⓗ࡛࡞ࡃ㸪ྛ᣺ື
ᩘࡈ࡜࡟ฎ⌮ࡉࢀࡓࡇ࡜ࡀཎᅉ࡛ࡣ࡞࠸࠿࡜⪃࠼ࡽࢀࡿ㸬ᐇ㦂࡛ࡣ㸪5㹼45Hz ࡢ᣺ືᩘࢆ୍㈏ࡋ࡚㐃⥆ⓗ࡟
ධຊࡋ ᐃࡋࡓࡓࡵ㸪࢔࣮ࢳᶍᆺࡀᖖ࡟ኚᙧࢆ㉳ࡇࡋ㸪㐪࠺ᵓ㐀≉ᛶࢆ᭷ࡍࡿࡇ࡜࡛」ᩘࡢࣆ࣮ࢡࡀ ᐃ࡛
ࡁࡓ࡜⪃࠼ࡽࢀࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ゎᯒ࡛ࡣ㸪㸯ࡘࡢ᣺ືᩘࡢゎᯒࡀ⤊஢ࡋࡓᚋ࡟ࣔࢹࣝᙧ≧ࢆึᮇ≧ែ࡟
ᡠࡉ࡞ࡅࢀࡤ࡞ࡽ࡞࠸ࡢ࡛㸪ࣆ࣮ࢡ್ࡀ㸯ࡘࡋ࠿ᚓࡽࢀ࡞࠿ࡗࡓྍ⬟ᛶࡀ࠶ࡿ㸬ࡇࡢ᥎ㄽࡀṇࡋ࠸࠿࡝࠺࠿
ࢆ☜ㄆࡍࡿࡓࡵ࡟ࡣ㸪᣺ືᩘࢆ 0.2Hz ้ࡳࡢ 20sec 㛫㝸࡛㐃⥆ⓗ࡟ධຊࡋ࡚ゎᯒࡍࡿᚲせࡀ࠶ࡿࡀ㸪ᐇ㦂ࡸ
ゎᯒ࠿ࡽࡶศ࠿ࡿ࡜࠾ࡾ▼ᶫࡢ᭷ࡍࡿ➨୍ࡢᅛ᭷᣺ືᩘࡀ㸪ᆅ㟈Ἴࡀ᭷ࡍࡿ༟㉺᣺ືᩘࡼࡾࡶࡣࡿ࠿࡟኱ࡁ
࠸ࡓࡵ㸪▼ᶫࡀᐇ㝿࡟ᆅ㟈Ἴࢆཷࡅࡓሙྜ㸪ඹ᣺⌧㇟ࢆ㉳ࡇࡍྍ⬟ᛶࡣప࠸࡜࠸࠼ࡿ㸬ࡼࡗ࡚௒ᅇࡢゎᯒᡭ
ἲ࡛ࡶ㸪ᅛ᭷᣺ືᩘࢆ⟬ฟࡋ㸪ඹ᣺⌧㇟ࡢ᭷↓ࢆศᯒࡍࡿࡇ࡜࡟ࡼࡾ༑ศྍ⬟࡛࠶ࡿ࡜࠸࠼ࡿ㸬
ᆅ㟈Ἴධຊᐇ㦂
ձ㖄┤᪉ྥ
 ᅗ 7 ࡟㔲㊰ᆅ㟈Ἴࢆ㖄┤᪉ྥ࡟ධຊࡋࡓ⤖ᯝࢆ♧ࡍ㸬⥅⥆᫬㛫ࢆ 10sec ࡜ 30sec ࡟ࡋࡓሙྜ࡟ࡘ࠸࡚ẚ㍑
ࡍࡿ࡜㸪⥅⥆᫬㛫ࡀ 10sec ࡢ᪉ࡀ኱ࡁ࡞ᦂࢀࡀ⏕ࡌ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ㸬ࡇࢀࡣ㸪⥅⥆᫬㛫ࡀ 10sec ࡢධຊ
ᆅ㟈Ἴࡢ᪉ࡀᅛ᭷᣺ືᩘ࡟㏆࠸ᡂศࢆከࡃྵࢇ࡛࠸ࡿ࡜࠸࠺ࡇ࡜ࡀ⿬௜ࡅࡽࢀࡓ㸬ࡲࡓ㸪ྛἼᙧࡢࣇ࣮࢚ࣜ
ᅗ 6 ᛂ⟅ຍ㏿ᗘࡢẚ㍑㸦㖄┤᪉ྥຍ᣺㸧
㻙㻝㻜㻜
㻙㻤㻜
㻙㻢㻜
㻙㻠㻜
㻙㻞㻜
㻜
㻞㻜
㻠㻜
㻢㻜
㻤㻜
㻝㻜㻜
㻡 㻝㻡 㻞㻡 㻟㻡 㻠㻡
᣺ືᩘ䠄㻴㼦䠅
ᛂ
⟅
ຍ
㏿
ᗘ
䠄㼓
㼍㼘䠅
㻸㻛㻠Ⅼ䚷ᐇ㦂್
㻸㻛㻠Ⅼ䚷ゎᯒ್
㻸㻛㻞Ⅼ䚷ᐇ㦂್
㻸㻛㻞Ⅼ䚷ゎᯒ್
㻟㻸㻛㻠Ⅼ䚷ᐇ㦂್
㻟㻸㻛㻠Ⅼ䚷ゎᯒ್
㗰 ࢥࣥࢡ࣮ࣜࢺ ▼࢔࣮ࢳ
ୖ㒊ᵓ㐀 0.02㹼0.03 0.03㹼0.05
0.055
ࢦ࣒ᨭᢎ 0.02
ୗ㒊ᵓ㐀 0.03㹼0.05 0.05㹼0.1
ᇶ♏ᵓ㐀 0.1㹼0.3
⾲ 2 ྛᵓ㐀せ⣲ࡢ➼౯ῶ⾶ᐃᩘ࡜ࡢẚ㍑
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ᅗ 7 㔲㊰ᆅ㟈Ἴ࡟ࡼࡿ㖄┤ᛂ⟅ຍ㏿ᗘ㸦⥅⥆᫬㛫 ୖẁ㸸10sec,ୗẁ㸸30sec㸧
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ᅗ 8 ࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ㸦⥅⥆᫬㛫 ୖẁ㸸10sec,ୗẁ㸸30sec㸧
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ࢫ࣌ࢡࢺࣝࡢ⟬ฟ⤖ᯝࢆᅗ 8 ࡟♧ࡋ࡚࠸ࡿࡀ㸪⣙ 20Hz ࡜⣙ 40Hz ࡛ࣆ࣮ࢡ್ࢆ㏄࠼ࡿഴྥࡀぢࡽࢀࡓ㸬
20HzⅬࡣ㸪ᅗ 6ࡢඹ᣺᭤⥺࡟࠾࠸࡚ 3L/4Ⅼࡢࣆ࣮ࢡ್ 17.8Hz࡜ L/2Ⅼࡢࣆ࣮ࢡ್ 23Hzࡢ࠾ࡼࡑ୰㛫ࢆྲྀ
ࡿ್࡛࠶ࡿ㸬ṇᘻἼຍ᣺ᐇ㦂࡟࠾࠸࡚ࡶ▼࢔࣮ࢳࡀ㐃⥆ⓗ࡞ኚᙧࢆ㉳ࡇࡉ࡞ࡅࢀࡤ㸪ඹ᣺Ⅼࡣ 20Hz ࡛࠶ࡗ
ࡓ࠿ࡶࡋࢀ࡞࠸ࡓࡵ㸪ᅛ᭷᣺ືᩘࡣ 23Hz ࡛࡞ࡃ 20Hz ࡜࡞ࡿྍ⬟ᛶࡀࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ⤖ᯝ࠿ࡽ⪃࠼ࡽ
ࢀࡿ㸬ࡲࡓ㸪40Hz ࡣඹ᣺᭤⥺࡛ࡶ 38.8Hz ࡟ࣆ࣮ࢡ್ࢆ♧ࡋ࡚࠾ࡾ㸪࡯ࡰ୍⮴ࡍࡿࡓࡵ㸪ࡇࢀࡣṇ☜࡞ᅛ᭷
᣺ືᩘ࡛࠶ࡿ࡜ゝ࠼ࡿ㸬
 ⚄ᡞᆅ㟈Ἴࢆධຊࡋࡓ⤖ᯝ࡜ࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝࡢ⤖ᯝࢆᅗ 9 ࠾ࡼࡧᅗ 10 ࡟ࡑࢀࡒࢀ♧ࡍ㸬⥅⥆᫬㛫ࡀ
10sec ࡟ẚ࡭࡚ 30sec ࡢ᪉ࡀᛂ⟅ຍ㏿ᗘࡀ኱ࡁ࠸ࡢࡣ㸪30sec ࡢᆅ㟈Ἴࡀྵࡴ 40Hz ᫬ࡢࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ
ࡢ್ࡀ 10sec ᫬ࡼࡾࡶ኱ࡁ࠸࠿ࡽ࡜⪃࠼ࡽࢀࡿ㸬඲࡚ࡢࣇ࣮࢚ࣜࢫ࣌ࢡࢺ࡛ࣝ 40Hz ᫬࡟ࣆ࣮ࢡࢆ㏄࠼࡚࠾
ࡾ㸪㔲㊰ᆅ㟈Ἴࡢࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ࡜ేࡏ࡚ 40Hz࡟ᅛ᭷ࡢ᣺ືᩘࡀᏑᅾࡍࡿ࡜ゝ࠼ࡿ㸬

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ղᶫ㍈┤ゅ᪉ྥ
 ᅗ 11࠾ࡼࡧᅗ 12࡟㔲㊰ᆅ㟈Ἴࢆᶫ㍈┤ゅ᪉ྥ࡟ධຊࡋࡓᛂ⟅ຍ㏿ᗘ㸪ࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ⤖ᯝࢆ♧ࡍ㸬
⥅⥆᫬㛫ࡀ 10sec࡟ࡘ࠸࡚ࡳࡿ࡜ධຊຍ㏿ᗘࡀ 50gal࡟ᑐࡋ࡚⣙ 90galࡢᛂ⟅ຍ㏿ᗘࡀ⏕ࡌ࡚࠾ࡾ㸪㖄┤᪉ྥ
ධຊ᫬ࡼࡾࡶ 20㹼40gal ⛬኱ࡁ࡞್ࡀ ᐃࡉࢀࡓ㸬▼࢔࣮ࢳࡢࡳࡢᵓ㐀࡛ࡣ㍈ຊࡀ඘ศ࡟ఏࢃࡽ࡞࠸ࡓࡵ㸪
⥅⥆᫬㛫ࡢ▷࠸ᆅ㟈Ἴ࡟ᑐࡋ࡚ࡣຍ㏿ᗘࡢᛴ⃭࡞ኚ໬࡟᢬ᢠ࡛ࡁࡎ࡟኱ࡁ࡞័ᛶຊࡀാࡁᛂ⟅㏿ᗘࡀ኱ࡁࡃ
࡞ࡗࡓ࡜⪃࠼ࡽࢀࡿ㸬ᶫ㍈┤ゅ᪉ྥࡢඹ᣺᭤⥺࠿ࡽ 29Hz ࡢ᣺ືᩘ࡛ඹ᣺Ⅼ࡜ࡋ࡚☜ㄆࡉࢀ࡚࠾ࡾ㸪ࡉࡽ࡟
⥅⥆᫬㛫 10sec ࡢධຊᆅ㟈Ἴ࡟ྵࡲࢀ࡚࠸ࡿࡇ࡜ࡣ☜ㄆ࡛ࡁࡓࡀ㸪ᆅ㟈Ἴᛂ⟅್ࡢࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ࠿ࡽ
ࡣࡑࡢ༟㉺ࡍࡿ᣺ືᩘࢆ☜ㄆࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠿ࡗࡓ㸬ࡇࡢ⌮⏤ࡶࡸࡣࡾ㸪ᆅ㟈Ἴ࡟ࡼࡾ኱ࡁ࡞ຊࢆཷࡅᶍ
ᆺࡢᙧ≧ࡀኚ໬ࡋ㸪ᅛ᭷᣺ືᩘࡶࡑࢀ࡟ᛂࡌ࡚ኚ໬ࡋࡓྍ⬟ᛶࡀ㧗࠸࡜⪃࠼ࡽࢀࡿ㸬
ᅗ 13 ࡟♧ࡍ㸪⚄ᡞᆅ㟈Ἴࢆධຊࡋࡓᛂ⟅ຍ㏿ᗘ࠾ࡼࡧࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ⤖ᯝ࡟࠾࠸࡚ࡶ㸪㔲㊰ᆅ㟈Ἴ
ࢆධຊࡋࡓሙྜࡢ⤖ᯝ࡜ྠᵝࡢࡇ࡜ࡀゝ࠼㸪༟㉺᣺ືᩘࡢᢕᥱࡣ࡛ࡁ࡞࠿ࡗࡓ㸬ࡑࡇ࡛㸪᣺ືྎࡢຍ㏿ᗘィ
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 ࡛ ᐃࡋࡓᛂ⟅ຍ㏿ᗘࡢࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝࢆධຊࣇ࣮࢚ࣜ
ࢫ࣌ࢡࢺࣝ㸪L/4 Ⅼ㸪L/2 Ⅼ㸪3L/4 Ⅼ࡛ ᐃࡋࡓᛂ⟅ຍ㏿ᗘࡢࣇ
࣮࢚ࣜࢫ࣌ࢡࢺࣝࢆฟຊࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝ࡜ࡋ࡚㸪ฟຊ್ࢆ
ධຊ್࡛㝖ࡍࡿࡇ࡜࡛ఏ㐩㛵ᩘࢆồࡵ㸪ᅛ᭷᣺ືᩘࡢ⟬ฟࢆヨ
ࡳࡓ㸬ᅗ 14 ࡟ධฟຊࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝࡢ୍౛ࢆ♧ࡍࡀ㸪್ࡣ
ฎ⌮ࣉࣟࢢ࣒ࣛ࡟ࡼࡾᖹ⁥໬ࡋࡓ㸬ฟຊࣇ࣮࢚ࣜࢫ࣌ࢡࢺࣝࢆ
ධຊࣇ࣮࢚ࣜࢫ࣌ࢡࢺ࡛ࣝ㝖ࡋࡓ⤖ᯝࡀᅗ 15 ࡛࠶ࡿ㸬ࡇࡢ⤖ᯝ
࠿ࡽ 15.7Hz ࠾ࡼࡧ 23Hz ࡟ᅛ᭷᣺ືᩘࡀᏑᅾࡍࡿྍ⬟ᛶࡀ㧗࠸
ࡇ࡜ࡀศ࠿ࡗࡓࡀ㸪ඹ᣺᭤⥺࡛⾲ࢀࡓඹ᣺Ⅼࡣ⣙ 29Hz࡛࠶ࡾ኱
ࡁࡃ␗࡞ࡗ࡚࠸ࡓ㸬ᶫ㍈┤ゅ᪉ྥຍ᣺࡟࠾ࡅࡿඹ᣺᭤⥺㸪ᆅ㟈
Ἴධຊᛂ⟅್⤖ᯝࡀጇᙜ࡛࠶ࡿ࠿ࢆ᳨ウࡍࡿࡓࡵ㸪௒ᚋᐇ㦂ࢆ
⧞ࡾ㏉ࡋ⾜࠺ࡇ࡜࡛⤖ᯝࡢಙ㢗ᛶࢆྥୖࡉࡏࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡋ࠿ࡋ㸪▼࢔࣮ࢳᵓ㐀࡟࠾࠸࡚㸪
ṇᘻἼຍ᣺ࡣ㖄┤᪉ྥࡢᅛ᭷᣺ືᩘࡢᢕᥱ࡟᭷ຠ࡞ᡭẁ࡛࠶ࡿࡇ࡜㸪ᆅ㟈Ἴධຊ࡛ࡣ㖄┤᪉ྥࡼࡾࡶᶫ㍈┤
ゅ᪉ྥࡢ᪉ࡀ⃭ࡋࡃᦂࢀࡿ࡜࠸࠺ࡇ࡜ࡀࡇࡢᐇ㦂࡛☜ㄆࡉࢀࡓ㸬




㸲⤖ㄽ
 ᮏㄽᩥ࡛ࡣ㸪▼࢔࣮ࢳᶍᆺࢆᑐ㇟࡟ືⓗ㍕Ⲵᐇ㦂ࢆ⾜࠸㸪ࡑࡢᣲື≉ᛶ࡟㛵ࡍࡿ⪃ᐹ᳨࣭ウࢆ⾜ࡗࡓ㸬௨
ୗ࡟ᚓࡽࢀࡓ୺࡞⤖ㄽࢆ㏙࡭ࡿ㸬
(1) ▼࢔࣮ࢳᶍᆺࡢῶ⾶ᐃᩘࡣ㸪ῶ⾶ᐃᩘ⟬ᐃᐇ㦂࡟ࡼࡾ㗰ᵓ㐀㸪ࢥࣥࢡ࣮ࣜࢺᵓ㐀ࡢῶ⾶ᐃᩘࡼࡾࡶẚ㍑
ⓗ㧗ࡃ㸪ᆅ㟈࡟ᑐࡋ㧗࠸ῶ⾶ຠᯝࢆ᭷ࡋ࡚࠸ࡿࡇ࡜ࢆ☜ㄆࡋࡓ㸬
(2) ▼࢔࣮ࢳᶍᆺࡢṇᘻἼຍ᣺ᐇ㦂࡟࠾࠸࡚㸪㖄┤᪉ྥຍ᣺ࢆࡋࡓ㝿㸪➨୍ࡢඹ᣺Ⅼ࡟⮳ࡿ┤๓࡛ᛂ⟅ຍ㏿
ᗘࡀ୍ᗘୗࡀࡾ㸪ࡑࡢᚋ࡟ඹ᣺Ⅼࡀ⾲ࢀࡿ࡜࠸࠺≉ᚩࡀぢࡽࢀࡓ㸬ࡇࢀࡣ㸪᣺ືࢆཷࡅࡓ࢔࣮ࢳࡀ㐃⥆
ⓗ࡟ᚤᑠኚᙧ㉳ࡇࡋ࡚࠾ࡾ㸪ࣆ࣮ࢡࢆ㏄࠼ࡿ┤๓࡛኱ࡁࡃኚᙧࡋ㸪ࡼࡾᏳᐃࡋࡓᵓ㐀ࢆ᭷ࡋ࡚ᅛ᭷᣺ື
ᩘࡀኚ໬ࡋࡓ࠿ࡽ࡜⪃࠼ࡽࢀࡿ㸬
(3) ▼࢔࣮ࢳࣔࢹࣝࡢṇᘻἼຍ᣺ゎᯒࡣ㸪㖄┤᪉ྥࡢᦂࢀ࡟࠾࠸࡚᭱ึࡢඹ᣺Ⅼࡀᐇ㦂್࡜ࡼࡃᑐᛂࡋࡓ㸬
 ௒ᚋࡣ㸪ᮏᐇ㦂࡜ྠᵝࡢ᮲௳ࡢୗ࡛ᆅ㟈᫬ᣲືࡢᩘ್ゎᯒࢆᐇ᪋ࡋࠊࡼࡾ⢭ᗘࡀ㧗ࡃ㸪෌⌧ᛶࡢ㧗࠸ゎᯒ
ᡭἲࢆ☜❧ࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡾ㸪▼ᶫࡢ೺඲ᗘホ౯ࡢࡓࡵ࡟ᚲせ࡜ᛮࢃࢀࡿ㸬
ཧ⪃ᩥ⊩
1㸧 ᒣᑿᩄᏕ㸪ᒣᮏ೺ḟ㑻㸪ᑠ▼๛அ㸪ᕤ⸨㍤ᙪ㸸ᦆയࢆ᭷ࡍࡿ▼㐀࢔࣮ࢳᶫࡢຊᏛⓗᣲື≉ᛶࡢ᳨ウ㸪ᵓ㐀ᕤᏛㄽᩥ
㞟㸪Vol.55A㸪pp.23-33, 2009.3
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